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BACKGROUND & AIMS:
Obese patients rarely achieve long-term weight loss with only lifestyle interventions. We evaluated the use of endoscopic aspiration therapy for obesity. Aspiration therapy involves endoscopic placement of a gastrostomy tube (A-Tube) and the AspireAssist siphon assembly (Aspire Bariatrics, King of Prussia, PA) to aspirate gastric contents 20 minutes after meal consumption. METHODS: We performed a pilot study of 18 obese subjects who were randomly assigned (2:1) to groups that underwent aspiration therapy for 1 year plus lifestyle therapy (n ¼ 11; mean body mass index, 42.6 AE 1.4 kg/m 2 ) or lifestyle therapy only (n ¼ 7; mean body mass index, 43.4 AE 2.0 kg/m 2 ). Lifestyle intervention comprised a 15-session diet and behavioral education program. RESULTS: Ten of the 11 subjects who underwent aspiration therapy and 4 of the 7 subjects who underwent lifestyle therapy completed the first year of the study. After 1 year, subjects in the aspiration therapy group lost 18.6% AE 2.3% of their body weight (49.0% AE 7.7% of excess weight loss [EWL] ) and those in the lifestyle therapy group lost 5.9% AE 5.0% (14.9% AE 12.2% of EWL) (P < .04). Seven of the 10 subjects in the aspiration therapy group completed an additional year of therapy and maintained a 20.1% AE 3.5% body weight loss (54.6% AE 12.0% of EWL). There were no adverse effects of aspiration therapy on eating behavior and no evidence of compensation for aspirated calories with increased food intake. No episodes of binge eating in the aspiration therapy group or serious adverse were reported. CONCLUSIONS: In a pilot study, aspiration therapy appears to be a safe and effective long-term weight loss therapy for obesity. ClinicalTrials.gov, Number: NCT00773903.
Keywords: Obesity; Endoscopic Bariatric Therapy; Overweight; Percutaneous Endoscopic Gastrostomy. O besity is a major global health problem because of its high prevalence, causal relationship with a large number of medical comorbidities, adverse effect on quality of life, and considerable economic consequences. 1, 2 In all persons, obesity is caused by ingesting more energy than is expended over a long period. Accordingly, the principle of obesity therapy is to have patients consume less energy than expended, which mobilizes endogenous adipose tissue triglyceride stores for use as fuel. The current therapeutic approaches for obesity include lifestyle therapy to change eating and physical activity behaviors, pharmacotherapy to reduce food intake or energy absorption, and bariatric surgery to reduce food intake and, in some procedures, also cause malabsorption. 3 Although many patients lose 5% to 10% of their body weight with intensive lifestyle therapy, [4] [5] [6] long-term weight loss maintenance is rarely achieved, with most people regaining lost weight over time. [7] [8] [9] Pharmacotherapy can provide additional weight loss when used as an adjunct to lifestyle intervention. 10, 11 Bariatric surgery is the most effective available therapy for obesity, but it is expensive, is associated with serious complications, and can only be performed on a small number of patients per year relative to the number of eligible patients. [12] [13] [14] The limitations of current obesity treatment options have led to an increased interest in developing endoscopic therapies for obesity. Endoscopic therapy could have several advantages over existing therapies by being more effective than pharmacotherapy and less expensive, safer, and potentially more available than bariatric surgery.
The purpose of this study was to conduct a 1-year clinical randomized controlled trial (RCT) with an additional 1 year of follow-up to evaluate the safety and efficacy of a novel endoscopic therapy for obesity. This approach takes advantage of percutaneous endoscopic gastrostomy (PEG) tube technology to induce weight loss by aspirating a portion of ingested meals from the stomach.
Patients and Methods

Trial Design
This was a 12-month RCT performed at a single center with 2:1 randomization (aspiration therapy plus lifestyle therapy [AT]/lifestyle therapy only [LT] ) conducted at the Washington University School of Medicine (St Louis, MO). After completion of the 12-month RCT, subjects in the AT group were allowed to continue participating in the study for an additional 12 months if they lost at least 25% of their excess body weight. Excess body weight was determined as current body weight (in kilograms) minus calculated body weight (in kilograms) at a body mass index (BMI) of 25 kg/m 2 . The primary study end point was percent absolute weight loss. Secondary study end points were (1) percentage of excess weight loss (EWL) and (2) percentage of subjects achieving !25% EWL. All authors had access to the study data and reviewed and approved the final manuscript.
Participants
Eighteen obese adults (BMI between 40.0 and 50.0 kg/m 2 or between 35.0 and 39.9 kg/m 2 with comorbidities) recruited between February and October 2009 participated in this study ( Table 1 ). The flow of study participants is shown in Supplementary Figure 1 . All subjects completed a comprehensive medical examination, which included a history and physical examination, blood tests, and a 12-lead electrocardiogram. All subjects also completed a careful psychological assessment, including the Eating Disorder Examination (EDE), 15, 16 Stunkard Eating Inventory, 17 and Beck Depression Inventory (BDI-II).
18,19
The EDE is a structured interview-based assessment of disordered attitudes and behaviors related to eating, body shape, and weight that has items designed to diagnose eating disorders based on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria. 15 The Stunkard Eating Inventory is a self-administered questionnaire that assesses 3 behavioral traits that can affect control of body weight: cognitive dietary restraint (deliberate control of intake), disinhibition (loss of control over food intake), and perceived hunger (awareness of and susceptibility to hunger). The BDI-II is a self-administered 21-item questionnaire that assesses the existence and severity of symptoms of depression. Potential subjects were excluded if they had evidence of an eating disorder or major depression, history of gastrointestinal disease or previous gastric surgery that would increase the risk of A-Tube placement, uncontrolled hypertension, sleep apnea, fasting serum glucose level !105 mg/dL, diabetes, or serum triglyceride level >400 mg/dL or were pregnant/lactating. In addition, women of childbearing potential were required to be on at least one form of birth control. All subjects were weight stable (<3% change in self-reported weight for at least 3 months before the study). All subjects provided written informed consent before participating in this study, which was approved by Washington University's Institutional Review Board (protocol no. 201111076). This study was registered at ClinicalTrials.gov (NCT00773903).
Randomization
Eligible subjects were randomized to the AT group or LT group using a 2:1 computer-generated randomization scheme developed by an independent statistician who did not participate in subject enrollment. Randomization allocations were sealed in envelopes, which were opened sequentially by study coordinators as subjects were enrolled in the study.
AspireAssist Components
The device used to perform AT, AspireAssist (Aspire Bariatrics, King of Prussia, PA), consists of the following (Figure 1 ):
1. The A-Tube, which has holes in the intragastric portion to allow aspiration of gastric contents. 2. The Skin-Port, which is a flange 3.5 cm in diameter and 0.9 mm in height that connects to the external end of the A-Tube, contains a valve that is normally closed to prevent gastric leakage and is opened by engaging the connector. 3. The connector, which mates with the Skin-Port and opens the Skin-Port valve to allow aspiration of gastric contents. In addition, the connector contains a "counter" that tracks the number of times the connector is attached to the Skin-Port. When the count reaches 115 aspiration cycles (approximately 5-6 weeks of therapy), the connector locks and the Skin-Port can no longer be accessed for aspiration. The connector provides an additional safety measure against long-term unsupervised use, and the subject must return to the clinic to obtain a new connector to continue aspiration therapy. 4. The companion, which is a siphon that allows 2-way flow of fluids (draining stomach contents and infusing water into the stomach). 5. The reservoir, which is a 600-mL soft water bottle that allows subjects to flush tap water into the stomach to facilitate aspiration. 6. The drain tube, which provides a clean exit of aspirated gastric contents into the toilet ( Figure 1A and B).
The original A-Tube contained an extragastric portion made of an expanded polytetrafluoroethylene tube reinforced with a helical expanded polytetrafluoroethylene wire and an intragastric portion composed of silicone. The A-Tube was changed during the study to an all-silicone tube without a helical wrap because subjects reported abdominal discomfort at the fistula site, presumably caused by irritation from the helical wire, and deterioration of the external portion of the tube affected the integrity of the connection to the Skin-Port. The all-silicone A-Tube was placed through the existing fistula tract in all subjects between September and October 2011.
A-Tube Placement and Aspiration Therapy
Subjects reported to the outpatient endoscopy unit after they fasted for w12 hours overnight. Cefazolin (1 g intravenous bolus) was given 30 minutes before placement of the A-Tube. After completing a full diagnostic upper gastrointestinal endoscopy, the A-Tube placement site was identified by both transillumination of the light from the endoscope and finger indentation in the left upper quadrant of the abdomen. The site was prepped and draped in sterile fashion, and standard pull technique was used to place the A-Tube using a Wilson-Cook 20F or 24F kit (Cook Medical, Bloomington, IN). The endoscope was reintroduced to verify correct placement of the A-Tube. All subjects continued antibiotic prophylaxis (cephalexin 500 mg every 12 hours) for 7 days after the procedure.
Ten to 14 days after placement of the A-Tube, the proximal end of the A-Tube was cut to within 1 cm of the abdominal wall and then attached to the Skin-Port. Subjects were given instructions on how to aspirate after meals and proper care and cleaning of the device. Subjects were instructed to aspirate 20 minutes after breakfast, lunch, and dinner whenever the meal contained more than 200 kcal. To aspirate, subjects flush food particles out through the A-Tube by infusing water into the stomach from the reservoir in 150-to 200-mL increments and then reversing the flow by lowering the lever on the companion to allow contents to drain out of the stomach ( Figure 2 ). This process is repeated as many times as necessary (typically 3-8 infusions) until food particles are no longer seen in the aspirate. This process takes 5 to 15 minutes to perform, depending on the size of the meal consumed. Subjects in the AT group also started treatment with omeprazole (20 mg orally twice daily) and potassium chloride (20 mEq by mouth twice daily) to reduce acid loss and potential potassium depletion. After completion of the 12-month RCT, subjects in the AT group were invited to continue participation in the study if they met the goal of !25% EWL.
Blood Tests
A fasting lipid panel, comprehensive metabolic panel, vitamin D level, vitamin B 12 level, complete blood count, iron panel, uric acid level, urine analysis, and plasma protein level (albumin and prealbumin) were obtained at weeks 0, 24, and 52 in the LT group and weeks 0, 12, 24, 52, 76, and 104 in the AT group. A basic metabolic panel was obtained at weeks 4, 12, 24, 36, and 52 in the LT group and every 4 weeks in the AT group to monitor plasma electrolyte concentrations. All blood tests were analyzed by an independent laboratory (Quest Diagnostics, St Louis, MO).
Psychological and Eating Behavior Assessments
The following evaluations were performed at baseline and weeks 12, 24, and 52: (1) the EDE, 15 (2) Stunkard Eating Inventory, 17 (3) BDI-II, 18 and (4) Hunger Visual Analog Scale, which is a self-administered questionnaire to assess hunger, satiety, and motivation to eat. 20 The EDE was also performed at weeks 76 and 104 in subjects in the AT group who completed 104 weeks of therapy.
See Supplementary Methods for information on lifestyle therapy intervention and assessment of aspiration efficiency.
Statistical Analyses
Power calculation. The primary end point of the study was the percent weight loss at 12 months. Assuming an average (AESD) weight loss of 2.5% AE 6.4% in the LT group 4 and 15.9% AE 8.3% in the AT group (based on unpublished data from a pilot study conducted by the sponsor in Mexico), it was estimated that with 12 subjects in the AT group and 6 subjects in the LT group, we would be able to detect a 13% absolute difference in weight loss between groups at 12 months, with a power of 0.94 and an a value of <0.05. With a total of 10 subjects in the AT group and 4 subjects in the LT group, we would be able to detect a 13% absolute difference in weight loss between groups at 12 months, with a power of 0.8 and an a value of <0.05. Power calculations were performed using G*Power 3.1.2 software (Franz Faul, Universität Kiel, Kiel, Germany).
Data analysis. All data were normally distributed according to the Kolmogorov-Smirnov test. The Student t test for independent samples was used to evaluate the statistical significance of differences in outcome measures between the AT and LT groups. Analysis of variance was used to determine the group Â time interaction for serum lipid concentrations, glucose concentrations, and psychological assessment variables. Paired t test was used to determine within-group changes from baseline to week 52 in all subjects and week 104 in those subjects in the AT group who completed 104 weeks of therapy. Independent t tests were used to determine differences in aspiration efficiency due to an unequal number of meal tests. All results are expressed as mean AE SEM unless otherwise stated. A 2-sided P value of .05 was considered statistically significant. Statistical analyses were performed using SPSS version 20.0 for Windows (IBM, Armonk, New York).
Results
Subject Disposition
A total of 14 subjects completed the 12-month RCT (4 subjects in the LT group and 10 subjects in the AT group) and were included in the analysis (Supplementary Figure 1) . Transillumination for placement of the A-Tube was successful in all placements. Three subjects in the LT group dropped out of the study. These subjects were called at least 5 times by the study team and a certified letter was sent to their homes; however, further details on why they dropped out of the study could not be obtained. All 10 subjects in the AT group who completed the 12-month RCT met the weight loss criterion needed to continue aspiration therapy for an additional 12 months. Seven of these subjects completed 24 months of aspiration therapy, and 3 subjects discontinued therapy during the second year because of a job change and out-of-state relocation (n ¼ 1), pain at the A-Tube site (n ¼ 1), and personal life issues (n ¼ 1). All 7 subjects who completed 2 years of therapy requested to continue aspiration therapy beyond 2 years.
Weight Loss
The percent weight loss in the AT group was greater than that in the LT group at 52 weeks (18.6% AE 2.3% and 5.9% AE 5.0%; P ¼ .021; Figure 3A [see Supplementary Figure 2 for data on individual weight loss]). No significant change in weight loss occurred from week 52 to week 104 in the 7 subjects who continued aspiration therapy (21.2% AE 2.8% and 20.1% AE 3.5%, respectively; P ¼ .547). The percentage of EWL was also greater in the AT group than in the LT group at 52 weeks (49.0% AE 7.7% and 14.9% AE 12.2%; P ¼ .036; Figure 3B ). No significant change in the percentage of EWL occurred from week 52 to week 104 in the 7 subjects who continued aspiration therapy (57.0% AE 9.6% and 54.6% AE 12.0%, respectively; P ¼ .611).
Aspiration Efficiency
The amount of time required for aspiration (w10 minutes) was not different when subjects aspirated at 20 or 60 minutes after either a 450-or 800-kcal meal (Table 2) . Approximately 30% of ingested calories were removed by aspiration 20 minutes after consuming a 450-or 800-kcal meal. Aspirating 20 or 60 minutes after consuming the Weight loss did not result in any significant changes in plasma glucose, magnesium, calcium, total cholesterol, low-density lipoprotein cholesterol, triglyceride, or highdensity lipoprotein cholesterol concentrations in either group. However, baseline values were already within the normal range. There was a trend toward a decrease in plasma alanine transaminase (ALT) concentration in the AT group (20.6 AE 2.6 to 12.8 AE 1.9 IU/L at baseline to week 52, respectively) compared with the LT group (26.8 AE 7.3 to 34.0 AE 18.2 IU/L at baseline to week 52, respectively) (group Â time interaction P ¼ .076). Further analysis with paired t tests for within-group changes from baseline to week 52 showed a significant decrease in serum ALT concentration in the AT group only (P ¼ .014). In the AT group, 4 subjects required iron supplementation, 3 subjects required vitamin D supplementation, and one subject required vitamin B 12 supplementation. With supplementation, aspiration therapy did not result in a difference in plasma iron, 25-hydroxyvitamin D, or vitamin B 12 concentrations at week 52 in the AT group compared with the LT group.
Psychological Assessments
EDE. The use of aspiration therapy did not induce any adverse eating behaviors (Supplementary Table 1 ). One subject in the LT group reported one binge-eating episode during the 52-week study, defined as consuming a large amount of food accompanied by a feeling of loss of control over eating. No binge-eating episodes occurred in the AT group. Body weight and shape did not become significantly more important, and participants' desired weight did not significantly change (indicating that they did not develop unrealistically low or extreme weight goals) in either the AT or LT group. Discomfort exposing body shape to others decreased in the AT but not the LT group (P ¼ .005), and discomfort seeing one's own body decreased in the AT but not the LT group (P ¼ .012). No changes in EDE scores occurred from week 52 to week 104 in the 7 subjects in the AT group who continued study participation to week 104.
BDI-II. The BDI-II values in the AT group were low at baseline and remained low throughout the study (Supplementary Table 2 ). One subject in the control group had a baseline value of 14, suggesting the presence of mild depression. The BDI-II score in this subject increased to 28 at week 24 (moderate depression) and decreased to a score of 18 (back to mild depression) at week 52 without psychiatric or antidepressant therapy. No subject in either group had evidence of suicidal ideation at any time point.
Stunkard Eating Inventory. All 3 behavioral traits improved in the AT group; subjects showed improved restraint, less disinhibition (more control over food intake), and decreased hunger (Supplementary Table 3 ). The control group showed improved restraint but no change in disinhibition or hunger.
Hunger Visual Analogue Scale. No significant changes in any measures of the visual analogue scale were detected in either the AT or LT groups, and there were no differences between groups (Supplementary Table 4 ). There was no evidence of increased hunger, increased thoughts about food, increased cravings, or decreased feeling of fullness in the AT group despite regular meal aspiration.
Adverse Events
No serious adverse events occurred in either the LT or AT group. The most common adverse events included peristomal pain within the first 4 weeks after placement of the A-Tube, peristomal pain more than 4 weeks after placement of the A-Tube, peristomal irritation, and constipation (Table 3) . Pain within the first 4 weeks after placement of the A-Tube was related to placement of the Minimal, awareness of the symptom but easily tolerated; mild, tolerated with some difficulty; moderate, interference with some normal daily activities; significant, inability to perform normal daily activities; severe, requires hospitalization.
tube through the abdominal wall and resolved within 4 weeks of placement. Pain more than 4 weeks after placement was different in character and believed to be related to the original tube design. This resolved in all but 2 subjects after the original A-Tubes were replaced with the redesigned A-Tubes. Three infections occurred; 2 were peristomal cutaneous candidal infections treated with improved hygiene and nystatin cream, and one was a presumed peristomal soft tissue infection diagnosed by computed tomography and treated with oral cephalexin. Nausea with or without emesis occurred in 7 of 11 subjects after placement of the A-Tube; this resolved within 4 weeks and could have been related to the procedure or the A-Tube. All adverse events resolved with observation or conservative medical treatment. One episode of hypokalemia occurred (serum potassium concentration of 3.4 mEq/L) due to patient noncompliance with potassium supplementation. This resolved with reinforcement of the importance of compliance with study-related medications.
The average serum potassium concentration in the AT group at baseline, week 24, and week 52 was 4.2 AE 0.2, 4.1 AE 0.3, and 4.1 AE 0.3, respectively. Although A-Tube blockages were not considered adverse events, 5 episodes of A-Tube blockage occurred during the 2-year trial. These were treated conservatively with an endoscopy brush in the outpatient setting.
Discussion
The purpose of this study was to evaluate the safety and efficacy of aspiration therapy as a novel endoscopic weight loss approach for obese people. The results of this pilot study show that subjects in the AT group had greater weight loss than those in the LT group at 1 year and that the weight loss achieved in the AT group at 1 year was maintained at 2 years. The amount of weight loss achieved with AT (w19% of initial body weight) was much greater than that usually observed with intensive lifestyle therapy alone 8, 9 or obesity pharmacotherapy 10 and nearly the same as that observed after laparoscopic adjustable gastric banding. 21 Weight regain, which is typically seen after 1 year of intensive weight loss therapy 8, 9 and at 1 to 10 years after bariatric surgery, [22] [23] [24] was not seen in this study. In addition, although serious complications and death occur in 2.5% to 4.2% and 0.04% to 0.3% of patients who undergo bariatric surgery, respectively, 25-27 these events did not occur in any subject in the AT group. Furthermore, there was no evidence of adverse effects on eating patterns, eating disorder psychopathology, or hunger in the AT group. These data show that aspiration therapy may be a safe and effective long-term treatment option for people with obesity.
Although aspiration after meals resulted in removal of w30% of ingested energy, this reduction in calories would account for only about 80% of the total amount of weight loss, even if subjects were completely compliant by aspirating after all main meals within 20 minutes of meal completion. 28, 29 Therefore, it is likely that subjects in the AT group also decreased their daily energy intake. The precise mechanisms responsible for the effect of aspiration therapy on food intake are not known, but several possibilities were reported by the study subjects. First, the dietary changes needed for effective aspiration therapy also reinforce the basic behavioral principles of weight management, such as increased chewing of food and drinking more water with each meal to facilitate meal aspiration, limiting between-meal snacks to avoid the need for additional aspirations, and developing a structured meal plan to accommodate aspiration inside and outside the home. Second, the fistula formed between the stomach and abdominal wall because of the A-Tube implant could affect gastric distention needed to accommodate large amounts of food and result in earlier satiation during meals. Finally, the use of aspiration therapy lowers the threshold needed to achieve successful weight loss because it reduces the stress around meals and empowers subjects to feel in control of their food choices. Additional studies are needed to further investigate the potential mechanisms responsible for the decrease in energy intake induced by aspiration therapy along with carful dietary analysis to determine the percentage of weight loss derived from calorie reduction. An important finding of this study is that there was no evidence of an increase in food intake during main meals or between main meals to compensate for aspirated calories in the AT group, despite removing up to 30% of the calories consumed in a meal. This observation has important implications in understanding the drive to eat in obese people. In the past 15 years, sophisticated studies conducted in rodent models have led to a better understanding of the complex adipose tissue-gut-brain interactions involved in regulating food intake. 30 However, the psychological factors, such as liking and wanting food, stress eating, and social influences, are poorly understood. 31, 32 The results of the present study suggest that psychosocial factors and the reward of smelling, chewing, and tasting food are important drivers of food intake in obese people rather than a physiological signal for more calories to meet a specific set point. Accordingly, removal of up to one-third of the calories consumed did not result in subsequent compensation with increased food intake. The central mechanisms that explain satiation (level of fullness during a meal) and satiety (level of hunger after a meal is consumed) presumably functioned normally in our subjects despite the decrease in absorbed calories; however, this study was not designed to investigate these mechanisms. Further studies are required to understand the effects of aspiration therapy on the regulation of food intake.
Although no serious adverse events occurred, multiple mild to moderate adverse events were identified that resolved with observation or conservative medical management. The most common adverse event was abdominal pain at the A-Tube site. This symptom prompted a redesign of the A-Tube to a smooth, all-silicone tube from the original ridged, expanded polytetrafluoroethylene tube, which resulted in a marked decrease in symptoms of pain. Therefore, it is likely that the pain experienced by subjects at the beginning of the trial was related to the design of the tube. Infection was another important adverse event; however, 2 of the infections were local candida infections that were treated with topical medications and improved hygiene of the A-Tube site. One presumed soft tissue infection occurred that did resolve with oral antibiotics but was not verified with bacterial culture. One of the 4 subjects who had the A-Tube removed had a persistent fistula. Three endoscopies were performed to treat the persistent fistula; however, the third endoscopy revealed that the tract had closed spontaneously. No other additional procedures were needed for the fistulas to close after the other A-Tube removals. In addition, despite aspirating gastric contents after meals, plasma potassium concentrations remained within the normal range throughout the study. Although therapy with a proton pump inhibitor was used to reduce acid losses and daily oral potassium supplementation was instituted to help ensure plasma potassium concentrations remained normal, further studies are needed to determine whether this prophylactic treatment is essential. It is notable that despite the removal of ingested calories after meal consumption in the AT group, careful psychological and eating assessments did not find any evidence that aspiration therapy had adverse effects on mood, eating behavior, eating disorder psychopathology, attitudes toward eating, or perceived hunger or satiety.
This study has several important limitations. First, this study contained a small number of relatively healthy obese subjects. Although the number of subjects was adequate to demonstrate the clinical weight loss efficacy of aspiration therapy, this study was not powered to detect all of the possible adverse events that could occur with this therapy. However, it is likely that the complications of an implanted A-Tube are similar to those of standard PEG tubes, which have been carefully characterized from experience in thousands of patients in the past 30 years. [33] [34] [35] Moreover, PEG tubes have been placed successfully in obese patients with few complications in the hands of experienced endoscopists. 36, 37 Second, the subjects enrolled in this study did not have any serious obesity-related comorbidities, which limited our ability to detect a therapeutic effect of aspiration therapy on the medical complications of obesity or cardiovascular disease risk factors. Nonetheless, we were able to detect a decrease in plasma ALT concentrations in the AT group at 1 year, which suggests subjects may have had excess intrahepatic triglyceride levels at baseline that decreased with weight loss 38 and may decrease participants' risk of developing diabetes. 39 Third, this study was not blinded, and this may have introduced bias in the AT group because subjects knew they were getting additional therapy and may have biased the interviewers administering the EDE. Furthermore, subjects in the AT group had additional contact with the study team. Although this additional contact was solely to manage the A-tube site and any adverse events related to the tube, this may also have influenced the subjects in the AT group and led to increased weight loss. Fourth, careful dietary analysis was not performed, and therefore the percentage of weight loss related to aspiration is only a rough estimate.
In summary, the use of the AspireAssist system provides a novel approach for weight loss and has the potential to bridge an important gap in efficacy between current medical and surgical therapies for obesity. The results of the present study show that aspiration therapy results in considerable weight loss for up to 2 years in obese people, with minimal adverse events and no evidence of harmful effects on eating behaviors. In fact, based on the bomb calorimetry of aspirated gastric fluid, food intake likely decreased with therapy and accounted for at least 20% of the weight loss seen in this pilot study. The AspireAssist system has multiple advantages compared with the currently available bariatric surgical procedures. The A-Tube is easily placed without the need for general anesthesia, and it can be easily removed if it is decided to discontinue therapy. The aspiration technique is easily mastered by the patient, and placement and care of the device cost less than current bariatric surgeries. The techniques used for placing and retrieving the A-Tube are the same as those for PEG tubes and are part of the standard training provided in gastroenterology fellowship programs. Therefore, most gastroenterologists already have the skills needed to place and manage this device and would require only minimal additional instruction. Moreover, subjects who completed 2 years of therapy wanted to continue therapy beyond the 2-year study, indicating that the long-term acceptability of this therapy may be high. Although this study was limited to patients with a BMI up to 50 kg/m 2 , there were no difficulties placing the A-Tube, which suggests that obese people with higher BMIs could be candidates for this procedure. This may allow many obese people to avoid bariatric surgery but would not prevent a patient from undergoing bariatric surgery if needed in the future. The results from this pilot study support further research of aspiration therapy as an endoscopic approach for treating people with obesity.
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Supplementary Methods Lifestyle Therapy Intervention
All subjects in both the AT and the LT groups completed 15 individual lifestyle modification therapy sessions during the first 12 months. This program included nutritional, physical activity, and behavioral education topics to enhance compliance with consuming a structured low-calorie diet and increasing physical activity. Dietary topics included information on energy content of foods, how to eat at restaurants and parties, holiday eating, and healthy dieting. Physical activity topics included the health benefits of physical activity and strategies for increasing daily lifestyle activity. The behavioral content emphasized strategies of self-monitoring and goal setting and included problem solving, overcoming highrisk situations for unhealthy eating, relapse prevention, and strategies for long-term weight maintenance. Subjects were provided handouts that summarized the key points of the educational content and allowed them to record their dietary intake and physical activity goals. Subjects were encouraged to keep a food record and reviewed this with the study dietitians; however, these were not formally analyzed for calorie or macronutrient content. Subjects also participated in town hall meetings every quarter with other participants in their assigned treatment group to share their experiences and review any study-related issues.
Subjects were given recommendations on energy intake based on both their starting weight and group assignment. Energy intake recommendations increased with baseline subject weight and with AT group assignment. Energy intake recommendations were 300 to 400 kcal in the AT group compared with the LT group (Supplementary Table 5 ). Macronutrient distribution recommendations followed the Acceptable Macronutrient Distribution Ranges for Adults. 1 Subjects in the AT group were also instructed to consume water with meals to aid with aspiration.
Follow-up Visits
Subjects in the LT group were seen at weeks 0, 2, 4, and 8 and then every 4 weeks until week 52 for a medical evaluation by the study nurse (weight, vital signs, review adverse events if any, review current medication list) and lifestyle therapy by the study dietitian. A physician evaluated subjects at baseline and weeks 24 and 52. The subjects in the AT group were seen by the study physician and study nurse 6 days after A-Tube implantation for a medical evaluation and to check for healing of the A-Tube site and at 12 days after A-Tube implantation for a medical evaluation and to place the Skin-Port, receive aspiration training, and participate in the first lifestyle therapy session. Subjects in the AT group were seen by the study physician again at weeks 2, 8, 24, 52, 76, and 104. They were seen by the study nurse for a medical evaluation weekly through week 4, every other week through week 24, and then every 4 weeks through week 104. The study nurse was in telephone contact with subjects in the AT group at week 5 and every other week through week 23 to review any adverse events. Lifestyle therapy was given by the study dietitian at weeks 2, 4, and 8; every 4 weeks through week 52; and every 8 weeks through week 104.
Assessment of Aspiration Efficiency
The percentage of calories ingested during a meal removed by the aspiration procedure was determined in 7 subjects. The effect of both the amount of calories consumed and the timing of aspiration after meal ingestion on aspiration efficiency was evaluated. Meals containing either 450 kcal (20% protein, 30% fat, 50% carbohydrate) or 800 kcal (also 20% protein, 30% fat, 50% carbohydrate) were prepared by the Clinical Research Unit metabolic kitchen. Subjects consumed each meal on 2 occasions 1 week apart. Two identical meals were prepared for each study; one meal was consumed by the subject in w20 minutes, and the other was homogenized for subsequent analysis of energy content. In one study, the aspiration procedure was performed 20 minutes after the meal was consumed; in the other study, aspiration was performed 60 minutes after the meal was consumed. This time point was chosen because subjects reported frequently delaying aspiration 60 minutes or more after a meal. The gastric aspirate was collected, weighed, and homogenized (4 Liter Waring Blender; Waring Laboratory Science, Torrington, CT). The energy contents of 3 aliquots of homogenized gastric aspirate and 3 aliquots of the homogenized meal were determined using bomb calorimetry (NP Analytical Laboratory, St Louis, MO). The average value for the 3 samples was used to assess aspiration efficiency, defined as the amount of energy removed by aspiration divided by the amount of energy consumed: ( 
